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I. INTRODUCTION
Contrast is the difference in visual properties that makes an object (or its representation in an image) distinguishable from other objects and the background. In visual perception of the real world, contrast is determined by the difference in the colour and brightness of the object with other objects in the same field of view. The human visual system is more sensitive to contrast than absolute luminance; hence, we can perceive the world similarly regardless of the considerable changes in illumination conditions.
If an image is overall very dark or a very bright, the information may be lost in those areas which are excessively and uniformly dark or bright. The problem is how the contrast of an image can be optimized to represent all the information in the input image. Techniques such as histogram equalization, gamma correction, and linear contrast correction have been used to reduce these effects [1] [2] [3] [4] .
In many image-processing applications, the standard greyscale histogram equalization (GHE) method is one of the simplest and most effective primitives for contrast enhancement [5] , which attempts to produce an output histogram that is uniform [6] . There are also some other techniques which are used for equalizing greyscale images [7] [8] [9] such as dynamic histogram equalization (DHE) and singular value equalization (SVE).
One of the disadvantages of the GHE is that the information laid on probability distribution function (PDF) of the image will be totally lost. In [10, 11] , it has been shown that the histogram of face images can be used for face recognition. Hence, it is necessary that if any equalization is used, the pattern of the histogram should not be changed dramatically.
Nowadays, colour images are more of interests, and in recent image processing research areas colour images have been used quite frequently. Colour images have introduced much more questions than grey scale ones. Simply the problem will be triple because the image is not being described in a 3D colour space, instead of 1D (grey) colour space. The approaches which are used for equalization of a grey scale image do not work properly for colour images. For instant, Fig. 1 (a) illustrates a low contrast face image from the CALTECH face database [12] and resultant image in (b) after being equalized by using histogram equalization in R, G, and B channel separately and then using them to reconstruct a new equalized image. From Fig. 1 (b) it is very clear that the information laid on the colour of the image such as skin colour, the background details such as leaves of the tree in the right top of the image have been lost. Not only that but also the image, visually has become unreliable due to artificial generated colours.
In this work, we have proposed a new method of image equalization based on iterative equalization of the image by using n th root and n th power. The proposed reduces loss of information laid on the colour pixels and keeps most of the statistics of the colour image.
Furthermore, the proposed method has been compared with some other equalization method and has been shown that the proposed technique produces a visually clearer image with small loss of information. The experiment has been tested on some images taken from the internet [13, 14] .
II METHODS OF EQUALIZING A COLOUR IMAGE
There exist several methods in literature to equalize a colour image [5, [14] [15] [16] [17] [18] [19] . The equalization procedure can been done in RGB or HSI colour spaces. Each image can be described by three sub-images (red, green, and blue or hue, saturation, and intensity) in different colour spaces. The general procedure of equalizing an image in RGB colour space is as follow:
1. Decompose the colour image into its R, G, and B sub-images, 2. Equalize each sub-image, 3 . Combine all the three new sub-images to attain the new image.
The equalization procedure of a colour image is HSI colour space is similar to the equalization in RGB domain with slight changes. These steps are:
1. Convert the colour image into HSI colour space and decompose it into its hue, saturation and intensity sub-images.
2. Equalize the intensity sub-image.
3. Combine the sub-images to attain a new equalized image.
From the definition of saturation and hue sub-images it is straight forward that equalization of hue or/and saturation sub-images will lead to loss of huge amount of colour information. So the equalization in HSI colour space will be done only by equalizing the intensity sub-image. the following ratio will be calculated:
III ITERATIVE n
where  is used as a power factor to find the new image, and   is the mean of image  . The mean of the image can be calculated as follow:
Where A M×N represents one of the sub-images in the RGB colour space or the intensity subimage in HSI colour space and a ij is the intensity value of the pixel of the i th row and j th column of the image. It is obvious that  is less than 1 if Fig. 4 illustrates an image with a good contrast and the same scene with low contrast taken from [13] . The background details and also the details around the eyes of the girl are not visible in the low contrast image. In order to be able to compare the performance of the iterative n th root and n th power approach over the histogram equalization, the low contrast image in Fig. 4 (b) has been equalized by several combinations equalization techniques such as: the iterative n th root and n th power algorithm in RGB colour space and also in HSI colour space. Also the equalization has been achieved by using histogram equalization in RGB and HSI colour spaces. Fig. 5 shows the equalized image of the low contrast image shown in Fig. 4 (b) by using different methods.
IV EXPERIMENTAL RESULTS AND DISCUSSIONS
The processes have been repeated for another low contrast image taken from [13] The results demonstrate that the proposed method always over perform the histogram equalization. The results show up to 1.98% and 3.63% increase of PSNR value for [13] and [14] respectively.
To demonstrate how the PSNR values are changing in each iteration, the PSNR values of each iterations for equalizing the [13] in RGB colour space has been calculated and is shown in fig. 6 . Also fig. 6 shows that the mean of each sub-images is reaching to 0.5. Table 1 : comparison between the proposed method and histogram equalization for two different low contrast images [13] , [14] PSNR Techniques The girl's image [12] The flying dragon image [13 
Fig 6:
The PSNR and mean changes in each iteration of equalizing [13] in RGB domain.
V CONCLUSION
In this work an equalization technique for colour images was introduced. The proposed technique was based on n th root and n th power equalization approach to obtain an equalize image in different colour channels such as RGB and HSI. The performance of the proposed method was measured by calculating PSNR values. The proposed algorithm has been compared with other classical histogram equalization.
